F alls are one of the most common medical complications after stroke.
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October 2014 excluded. We further excluded patients <55 years (n=258) or >85 years (n=88), those not living in Helsinki (n=158), and those not speaking the Finnish language (n=3). Of the 642 patients initially meeting the inclusion criteria and invited to a follow-up visit 3 months after stroke, 71 (11.1%) had died before the visit, 82 (12.8%) refused, and 3 patients were lost to follow-up because of unknown cause. The SAM cohort thus consisted of 486 patients of which 388 had their first-ever stroke. 11 All patients underwent brain computed tomographic scanning at the acute phase, and 396 patients (81.5%) underwent MRI at 3 months. The 90 patients with no MRI data available were excluded from this study. WMLs were rated in accordance with the Leukoaraiosis and Disability in the Elderly rating as none to mild or moderate to severe. 12 In addition, we excluded 10 patients for having a modified Rankin Scale of 5 at 3 months after stroke. By definition, patients with modified Rankin Scale 5 are not able to walk and, therefore, do not usually fall. Furthermore, their probability to recover to score 4 or better is low. Of the remaining 386 patients, follow-up data were missing for 3 patients and thus a cohort of 383 patients were included to the present study.
The study was approved by the ethics committee of the Department of Clinical Neurosciences, Helsinki University Central Hospital, Helsinki, Finland. Informed consent was obtained from all patients.
Clinical Evaluation
Medical and neurological history were taken as described before. 13 Smoking habits were categorized on admission as nonsmokers and smokers (current or former). History of myocardial infarction, cardiac failure, atrial fibrillation, arterial hypertension, peripheral arterial disease, and diabetes mellitus was established by reviewing all available hospital charts, in addition to a structured interview of the subject and a knowledgeable informant. History of hypertension was defined as systolic blood pressure ≥160 mm Hg and diastolic blood pressure ≥95 mm Hg. Diabetes mellitus was defined as previously documented diagnosis, current use of insulin or oral antidiabetic medication, or fasting blood glucose >7.0 mmol/L.
Poststroke dementia was diagnosed using the Diagnostic and Statistical Manual of Mental Disorders 3rd edition criteria. 14 Patients were followed up till September 21, 2006, using extensive national registers kept by the National Institute for Health and Welfare. The national care register contains International Classification of Diseases-Ninth Revision (ICD-9) and ICD-10 diagnosis codes of all hospital treatment periods. ICD-9 codes 820 and 821 and ICD-10 codes S72.0 to S72.9 were considered as hip-fracture. ICD-9 codes 800 to 957 and ICD-10 codes S00.0 to T14.9 were considered as traumatic injuries. Survival data and causes of death were obtained from Statistics Finland.
Data Analysis and Statistics
Pearson χ 2 test or Mantel-Haenszel test where appropriate (dichotomous variables), 1-way ANOVA (continuous variables), and binary logistic regression function were used to analyze association among grade of WMLs, hip-fractures, traumatic injuries, demographics, and risk factors. Kaplan-Meier log-rank analysis was used to evaluate the effect of WMLs on the time to first hip-fracture or admission to hospital because of traumatic injuries. The cumulative recurrence risks and their 95% confidence intervals were calculated using life-table function. Patients who died from other cause than hip-fracture or traumatic injuries were considered censored. The cumulative hazard function was plotted and checked that the proportional hazards assumption was met for each parameter included in further models.
WMLs were dichotomized as none to mild versus moderate to severe because of their association with small-vessel disease. 15 The association of known risk factors (age, sex, atrial fibrillation, hypertension, diabetes mellitus, smoking status, and low education) with moderate-to-severe WMLs on MRI was analyzed using a binary multivariable model with forced entry.
For the association between WMLs on MRI and traumatic injuries or hip-fractures, a complex multivariate Cox regression proportional hazards analysis for multiple cases per subject with forced entry was used to calculate hazard ratios with their 95% confidence limits adjusted for sex and age. Statistical significance was set at P<0.05. All statistical analyses were performed with SPSS Statistics 22 for Linux (IBM Corp, Armonk, NY).
Results
Baseline characteristics and selected clinical parameters are shown in Table 1 . There were 44 patients with first-ever hipfractures after the index stroke. Of those, 8 had a second and 1 had a third hip-fracture during the 12-year follow-up. There were 50 additional hospital admissions because of trauma other than hip-fracture during the follow-up.
Mean length of hospital stay because of hip-fracture was 63 days for patients with moderate-to-severe WMLs and only 21 days for patients with none-to-mild WMLs.
First hip-fractures occurred in 6.5% (7/108) of the none-tomild WMLs group and in 13.5% (37/275) of the moderate-tosevere WMLs group (P=0.05).
During the 12-year follow-up more first-ever hip-fractures after ischemic stroke occurred in the moderate-to-severe WMLs group when compared with that in the none-to-mild WMLs group (Figure 1 ; log-rank, P=0.013).
In addition, more hospital admissions because of traumatic injury, including hip-fractures, occurred in the moderate-tosevere WMLs group when compared with that in the none-tomild WMLs group (Figure 2 ; log-rank, P=0.041).
In the complex samples, Cox multivariable model adjusting for age, sex, the National Institutes of Health Stroke Scale, infarct size >60 mm, and poststroke dementia (Table 2) , moderate-to-severe WMLs were associated with increased incidences of hospital admissions because of hip-fractures (hazard ratio, 3.98; 95% confidence interval, 1.55-10.21) and 
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traumatic injuries, including hip-fractures (hazard ratio, 1.72; 95% confidence interval, 1.03-2.87).
Discussion
In the present 12-year follow-up study of patients with ischemic stroke, moderate-to-severe WMLs compared with none-to-mild WMLs on MRI were associated with increased incidences of traumatic injuries and especially hip-fractures. To our best knowledge, similar data from a comparable settings have not been published before.
In a prospective community sample study of a population aged 65 to 80 years, hip-fractures occurred more frequently in those with diffuse WMLs when compared with those without. 16 According to the Leukoaraiosis and Disability in the Elderly study, patients with severe WMLs have impaired balance and typically have a history of twice as many falls when compared with mild WMLs. 7 In the study population of the present study, the rates of hip-fractures were even 4.0-fold in patients with moderate-to-severe WMLs when compared with patients with none-to-mild WMLs, whereas rates of trauma leading to hospital admission rates were 1.7-fold. 
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Patients with moderate-to-severe WMLs had longer stays at hospitals for their first hip-fracture after stroke when compared with patients with none-to-mild WMLs. This might indicate higher complication rates or slower rehabilitation in patients with moderate-to-severe WMLs.
The survival analyses of the present study indicate a higher rate of hip-fractures and hospital admissions because of traumatic injury in the whole poststroke cohort for patients with moderateto-severe WMLs when compared with those with none-to-mild WMLs. After adjusting for confounders, female sex and age were, in addition to WMLs, independent factors associated with hospital admission because of traumatic injuries. However, age is a well-known risk for impaired gait, falls, and hip-fractures. 5, 9 The sex difference might, therefore, be partially confounded by the higher life-expectancy of women. The effect of WMLs may even be underestimated in our study setting because age is such a strong predictor of falls. Increasing morbidity and age in the 12-year study period might also make the population less mobile and more bedridden, which would decrease the risk of falls and, therefore, hip-fractures and injuries.
A major strength of our study is the long 12-year follow-up. In addition, the follow-up diagnoses can be considered reliable because stroke diagnoses in the Finnish Hospital Discharge Registries have been validated against a population-based stroke registry with fairly good positive predictive values (85%-92%). 17 In contrast, data about falls are usually gathered by means of not only self-report by patient or caregiver especially in retrospective settings but also often in follow-up studies although fall-diaries are used in some settings. 9 Possible limitations should be borne in mind when our results are evaluated. We included patients at 3 months after ischemic stroke, which may lead to a selection bias, because the more severely affected or mortally ill patients were excluded. Also the fact that patients with severe gait disturbance tend to be bedridden may affect our results.
Conclusions
Patients with ischemic poststroke and more than mild WMLs are at high risk of traumatic injuries, especially hip-fractures, and this is probably because of gait disturbance and instability related to WMLs. Long-term prevention of WMLs may be an important way to prevent traumatic injuries, such as hip-fractures, in aging societies. 
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